Conclusions-Good agreement was found between increased bone uptake and MR detected subchondral lesion. The agreement between increased bone uptake and osteophytes or cartilage defects was in general poor as well as the agreement between the grade of bone uptake and the grade of the MR findings. (Ann Rheum Dis 1999;58:20-26) Osteoarthritis (OA) is a multifactorial process 1 aVecting cartilage and subchondral bone. 
1 aVecting cartilage and subchondral bone. 2 Radiographic OA of the knee joint is a common disorder. In European populations prevalence values for radiographic OA of the tibiofemoral joint (TFJ) range from 1% (35-54 years) 3 to between 40 and 60% in older age groups (75-79 years). 4 Recent data suggest that OA of the patellofemoral joint (PFJ) is an important cause of pain and disability 5 and in a population based study of middle aged women (n=325, mean age 59 years) 6% had OA of TFJ, 13% OA of the PFJ, and 15% involvement of both joints. 6 The disease is currently diagnosed by clinical or radiographic criteria, or both, which only allow detection of fairly advanced stages of the disease process. 7 Bone scintigraphy is used to detect changed bone metabolism 8 and has proved to be a more sensitive diagnostic modality in comparison with radiography and arthrography in a compartmental evaluation of knee OA. 9 In an animal model with OA the radionuclide uptake was localised to growing osteophytes in the early stage of the disease and in the late stage localised to subchondral bone under denuded or eburnated articular surfaces. 10 Thus the method provides a potential to assess important aspects of the disease. An abnormal bone scintigraphy in radiographically normal hands is a predictor of subsequent radiographic change. 11 12 In a study of knee OA no patients with normal bone scintigraphy had radiographic progression at follow up five years later. 13 Bone scintigraphic changes also correlate to serum markers of cartilage and bone metabolism between people with or without radiographic OA. 14 Magnetic resonance (MR) imaging with its good tissue contrast and anatomical resolution provides a non-invasive examination tool of the TFJ in early stages of OA, for detection of cartilage defects 15 and is a sensitive means in detecting bone marrow lesions. [16] [17] [18] Only few studies 19 have compared bone scintigraphy and MR imaging. The potential of bone scintigraphy to assess diVerent aspects of the OA process 10 and to predict its progression 12 13 have been established. These aspects have encouraged us to use bone scintigraphy in addition to plain radiographs and MR imaging in a selected group of middle aged people with chronic knee pain for prospective follow up. The aim of our study was to compare increased bone uptake of technetium 99m labelled methylene diphosphonate ( 99 Tc m -MDP) in the TFJ and the PFJ with MR detected subchondral lesions, osteophytes, and cartilage defects in the same joint of these people.
Methods

SUBJECTS
To create a cohort of people with chronic knee pain (defined as duration >3 months at inclusion) for prospective follow up, an epidemiological survey of 2000 persons aged 35-54 years in a rural area in southern Sweden was performed. 3 Chronic knee pain was reported by 279 of 2000 and 204 of 279 accepted to be examined clinically, biochemically, and radiographically at baseline 1990-91. Thirteen of the 204 subjects had arthritides other than OA and six had chronic knee pain resulting from a defined knee trauma. In the remaining 185 cases no obvious cause of chronic knee pain was found. All were examined with posteroanterior radiographs with straight knees in standing position of the TFJ, with the weight equally distributed on both legs. Before the three year follow up another two people were excluded, according to the exclusion criteria above, leaving 183 subjects. At the three year follow up a subgroup of 61 subjects (61 of 183) were chosen as a random sample from the initial cohort after exclusion of those having severe OA with obliteration of joint space or bone attrition at the baseline examination. All 61 subjects had a scintigraphic examination of both knees and 59 subjects a diagnostic MR study of the signal knee (defined as the most painful at inclusion). The MR study was not performed in one patient because of claustrophobia and in another patient because of tremor caused by Parkinson's disease. Yet another patient had an extensive bone uptake in the proximal tibia of the signal knee because of a high tibial osteotomi, which made it impossible to evaluate this region of the knee and the knee was excluded. Thus 58 of 61 knees were included in the study representing 29 women (mean age 50.4 years, 42-58) and 29 men (mean age 49.5 years, 41-57). The scintigraphic and the MR examination were performed on the same day in each patient.
SCINTIGRAPHIC METHOD
The amount of 370 MBq 99 Tc m -MDP was injected intravenously. Immediately after the injection of the radionuclide, an early phase (perfusion phase) scan was recorded as 80 five seconds frames in an anterior projection, using a general purpose collimator. The bone uptake was recorded after four hours as three, five minutes frames in anterior, medial, and lateral projections for both knees using a high resolution collimator (Toshiba gammacamera, GCA-901-A). The matrix size was 256 × 256. The examinations were visually evaluated in blind and separately by two of the authors (HD, JD), both experienced in bone scintigraphy, who then reached a consensus. The increased uptake in each knee was graded as generalised or localised using a 4 point scale (0=normal, 1=light, 2=moderate, and 3=severe). The localised bone uptake was graded separately for each condyle of the TFJ, the patella, and the femoral trochlea. With some modifications according to McCrae et al 20 three diVerent patterns of localised radionuclide uptake were recognised; point-like (fig 1), tramline (fig 2) , and extended (fig 3) . In this study only the results in the signal knees are reported.
MR EXAMINATION
MR imaging was performed in the signal knee with a 1.0 T imager (Impact, Siemens) with a circular polarised surface coil. The initial six patients were examined with a coronal T1 weighted spin echo sequence, a sagittal proton density and T2 weighted turbo spin echo sequence (tSEPdT2), a 3D gradient echo sequence (Dess), and a sagittal 2D gradient echo. The last patient in this group was also examined with a T2 weighted short tau inversion recovery sequence (tT2STIR) in the sagittal view. The remaining patients were examined with a tSEPdT2 sequence in the coronal, sagittal, and axial views and a tT2STIR sequence in the sagittal view. The sagittal sequence was perpendicular to a line connecting the dorsal aspects of the femoral condyles, the coronal sequence was parallel to that line, and the axial sequence was perpendicular to the long axis of the patella. The MR examinations were assessed for subchondral lesions, peripheral osteophytes, and cartilage defects in/at each of the articular surfaces of the TFJ and the PFJ.
Subchondral lesions with increased signal in the tT2STIR sequence ( fig 4A) in the immediate vicinity of the joint cartilage in each articular surface (for instance the medial femoral condyle) were measured by a ruler, and classified according to their greatest diameter as grade 1 (<1 cm), grade 2 (>1−<2 cm), and grade 3 (>2 cm). If there were two or more lesions adjacent to an articular surface the largest lesion was measured.
The greatest perpendicular length from the cortical bone to the outer margin of the largest marginal osteophyte ( fig 5) at each articular surface was measured by a ruler and classified as grade 1 (<2.5 mm), grade 2 (>2.5−<5 mm), grade 3 (>5−<10 mm), and grade 4 (>10 mm). Osteophytes at the tibial eminence were not considered.
The tSEPd sequence was mainly used to grade the cartilage defects and sometimes in addition with the tSET2 sequence to exploit its more pronounced arthrographic eVect. Cartilage defects ( fig 4B and fig 5) in each articular surface were classified as grade 1, <50% reduction of the cartilage thickness, as grade 2, >50% reduction of the cartilage thickness, and as grade 3, cartilage defect with bone loss. 21 22 Signal changes of the cartilage with an intact surface were not registered.
The MR studies were interpreted blindly and separately by two of the authors (TB, OR) with experience in musculoskeletal MR imaging, who then reached a consensus.
After the initial and separate evaluations of the scintigraphic and the MR examinations both studies in each patient were compared by three of the authors (TB, HD, JD).
The study was approved by the Committee on Ethics at the Faculty of Medicine, University of Lund.
STATISTICAL ANALYSES
The McNemar test was used to compare the number of increased bone uptakes between the TFJ and the PFJ, and between the patella and the femoral trochlea. The test was also performed with six contingency tables in which the number of bone uptakes in the diVerent surfaces of the TFJ were compared with each other.
The measure used to assess the correlation between increased bone uptake and MR detected subchondral lesions, cartilage defects or osteophytes was . 23 A value of 1.00-0.81 was considered as very good, 0.80-0.61 as good, 0.60-0.41 as moderate, 0.40-0.21 as fair, and 0.20-0.00 as poor. 23 
Results
An abnormal scintigraphic perfusion phase was seen in four knees (7%). The increased activity was general in three knees, all with obliteration of the joint space in medial TF compartment and was confined to the patella in one knee, probably because of a prepatellar bursitis detected by MR imaging.
Fifty eight locations with increased bone uptake were identified in 32 knees (55%). When the scintigraphic and the MR studies were compared two bone uptakes were found to be caused by patella partita. One uptake had a tramline pattern and the other a point-like pattern and both uptakes were of grade 1. These two bone uptakes were excluded, leaving 56 increased bone uptakes in 30 knees (52%) for the comparison. Table 1 lists the pattern and the location of the bone uptakes. The TFJ was aVected in 20 subjects (34%) and the PFJ in 14 (24%). Thirteen increased bone uptakes were of grade 2 and two bone uptakes were of grade 3. In two knees increased bone uptake was identified in all evaluated locations. No generalised increased bone uptake was found. In the TFJ 12 subjects had isolated medial compartment and one subject isolated lateral compartment increased bone uptake and in seven subjects there were combined medial and lateral bone uptake. Increased bone uptake was more common in the medial than in the lateral compartment of the TFJ (p<0.01). It was also more common in the medial tibial condyle as compared with the medial femoral condyle (p<0.05) and in the patella as compared with the femoral trochlea (p<0.05).
Thirty three MR detected subchondral lesions were found in 21 knees (36%) (table 2). The TFJ was aVected in 15 knees (26%) and the PFJ in eight knees (14%). Ten lesions of grade 2 and seven lesions of grade 3 were found. Three or more locations with subchondral lesions in the same knee were seen in three subjects.
One hundred and seventeen MR detected marginal osteophytes were seen in 37 knees (64%) (table 2). The TFJ was aVected in 32 knees (55%) and the PFJ in 28 knees (48%). Twenty four osteophytes of grade 2 were found as well as 11 osteophytes of grade 3 and three osteophytes of grade 4. Marginal osteophytes at the medial tibial condyle were more frequent as compared with the medial femoral condyle (p<0.05) and as compared with the lateral femoral condyle (p<0.01). Osteophytes were also more frequent at the patella than at the femoral trochlea (p<0.01).
One hundred and seventeen MR detected cartilage defects were registered in 51 knees (88%) (table 2). The TFJ was aVected in 34 of these knees (59%) and the PFJ in 41 knees (71%). Defects of grade 3 (attrition) were seen in 10 joint surfaces in five TFJ. There were more cartilage defects in the medial femoral condyle than in the other condyles of the TFJ (p<0.01) and in the patella as compared with the femoral trochlea (p<0.001).
In six knees (10%) neither an increased bone uptake nor any MR abnormalities were found.
Twenty nine (88%) of 33 subchondral lesions, 32 (27%) of 117 osteophytes, and 34 (29%) of 117 cartilage defects were associated with an increased bone uptake in the same location. Table 3 lists the correlations between increased bone uptakes and MR detected subchondral lesions, osteophytes, and cartilage defects. The values describing the correlation between the grade of bone uptake and the grade of MR detected subchondral lesions was for the medial femur 0.48, the lateral tibia 0.57, and the lateral femur 0.41. The values of all other correlations between the grade of increased bone uptakes and the grade of MR findings was <0.31. Table 4 shows the location of increased bone uptake associated or not with MR detected subchondral lesion. Four of 33 subchondral lesions were not associated with increased bone uptake. One of these was not found at the comparison between the scintigraphic and the MR examinations and the other three lesions were of grade 1. In the patella seven of eight increased bone uptakes, which did not correspond to MR detected subchondral lesions, were of the extended pattern, while the other lesions in the patella had a point-like or a tramline pattern. Table 5 lists the relation between increased bone uptake, in locations without MR detected subchondral lesion, MR detected cartilage defects and/or osteophytes.
Discussion
A previous study has compared the findings of MR imaging and bone scintigraphy in patients with radiographically advanced knee OA. 19 In the signal knee of our cohort only 16 of 59 had joint space narrowing (JSN) (<3 mm) in the TFJ 21 and 21 of 57 had JSN (<5 mm) in the PFJ. 22 An early generalised increased uptake (perfusion phase), indicative for synovitis 24 was seen in three knees only. A late generalised increased uptake, which strongly correlates with joint pain and osteophytes, 20 was not seen in our patients. These findings thus indicate that the OA process was less advanced in our group of patients and they were also younger.
The diVerent patterns of increased bone uptake described by McCrae et al, 20 were with some modifications used in this study and they were easy to apply. The term hot patella was changed to the term extended pattern and the term point-like pattern was introduced. In agreement with previous findings, 20 joint line scan abnormalities (point-like and tramline pattern) were far more common in the TFJ than the extended pattern.
As reported by others 19 20 25 the increased bone uptake were more common in the medial compartment than in the lateral compartment of the TFJ, which is in agreement with the fact that radiographic OA of the TFJ is predominantly a medial disorder. 21 26 Combined increased bone uptake in the medial and the lateral compartment was common in our study but not to the same extent as in a study of patients with severe OA. 9 MR imaging is considered to be an accurate means especially for detecting and staging moderate and advanced cartilage lesions in the TFJ 27 28 and in the PFJ, 27 29 30 while superficial lesions are detected with less sensitivity. The fast spin echo 2D sequence used in this study does not diVer in this respect and has also been used by others. 31 32 The reason why we did not pursue with the 3D gradient echo (Dess) was that reconstruction in coronal and axial planes was of inferior quality to evaluate hyaline cartilage. The examination time was considerably longer than the tPdT2SE sequence, which gives an increased risk of motion artefacts. The examination quality of the initial six patients was considered equal and they have therefore been included in the study. According to recent results it seems that high resolution T1 weighted 3D gradient echo sequences with the addition of fat suppression or magnetisation transfer contrast are the best for depicting hyaline cartilage. 33−36 As mentioned above the 3D gradient echo sequences has a long acquisition time with potential disadvantages.
MR imaging is also a sensitive means for detecting bone marrow lesions and has rapidly become the preferred imaging technique to determine the presence and extent of these lesions. 16 T1 weighted, fat saturation T2 weighted, and STIR sequences all provide a high degree of sensitivity for depiction of most types of bone marrow abnormalities. 16 We have used tT2STIR sequence to depict subchondral lesions, to assess the presence and extent of subchondral bone involvement of the OA process. This turbo sequence can provide STIR images much more rapidly than the conventional sequence without compromising image quality or lesion detection. 17 18 In the initial five patients the tT2STIR sequence was not performed. We feel that the sagittal 2D gradient echo and the 3D gradient echo obtained in the sagittal plane used in these patients were very sensitive for subchondral lesions, especially when they also were possible to compare with the T1 weighted spin echo sequence in the coronal plane and the tSEPdT2 sequence in the sagittal plane performed in these patients. The only potential drawback was the uncertainty of measuring the diameter of each particular lesion.
The STIR sequence has been used by others, 19 to detect subchondral lesions in the TFJ and in the PFJ in knee OA. As has been suggested 19 the subchondral lesions could represent synovial leak, inflammation or presence of fibrovascular tissue. In our study subchondral lesions of the TFJ and the PFJ were predominantly in the medial TF compartment and in the patella respectively. In the patella six of seven increased bone uptakes of the extended pattern (hot patella) did not correspond to a subchondral lesion, while five of six Medial tibia  -1  3  5  9  Medial femur  ---2  2  Lateral tibia  2  --2  4  Lateral femur  --1  1  2  Patella  -6  1  1  8  Femoral trochlea  1  1  --2  Total  3  8  5  11  27 uptakes in the patella with a point-like or tramline pattern corresponded to such a lesion. Thus it seems that the latter pattern of increased bone uptake is more associated with subchondral lesions in the patella. In two of the cases with an extended bone uptake in the patella we found a high signal on the T2 weighted sequence in the soft tissue adjacent to the anterior aspect to the patella, possibly because of a local inflammatory disorder (prepatellar bursitis?). In young adults a relation between anterior knee pain and an extended pattern of increased bone uptake in the patella has been found. 37 A correlation between increased bone uptake and subchondral lesion was found. The correlation was good in the medial femur, in the lateral femur, and in the femoral trochlea. The correlation was moderate in the medial tibia, in the lateral tibia, and in the patella. Twenty nine of 33 subchondral lesions were combined with an increased bone uptake. Maybe these lesions represent a later stage in the OA process according to Christensen. 10 He found increased bone uptake localised to subchondral bone under denuded or eburnated articular surfaces in the late stage of the disease in an animal model with OA, while the bone uptake was localised to osteophytes in the early stage of the disease. The increased bone uptake reflects an ongoing bone reaction and as a relation was found between the increased bone uptake and the subchondral lesion, the latter will also represent a current bone reaction.
Osteophytes and cartilage defects were common MR findings in the TFJ as well as in the PFJ. In the study by McAlindon et al 19 cartilage thinning had an unexpected low prevalence, 5 of 12 knees, while cartilage defects in our study of early OA, were found in 52 of 59 knees. This diVerence between the studies probably reflects the improved resolution in the standard MR sequences, because of the rapid progress of the MR technique, both in hardware and in software.
All osteophytes in our study had as high signal on Pd and T2 weighted turbo spin echo sequences as normal bone marrow fat and thus resemble "hyperintense osteophytosis" described by McAlindon et al. 19 But these sequences without fat suppresion oVer poor contrast between free water and fat. Therefore osteophytes filled with either bone marrow fat or bone marrow oedema appear bright in these sequences. In the STIR sequence that nulls fat signal the marrow oedema appears bright.
The correlation between increased bone uptakes and osteophytes and between uptakes and cartilage defects was fair or poor except for cartilage defects in the medial and lateral tibia. The increased bone uptake reflects an ongoing bone reaction and the osteophyte identified on MR imaging is a record of what has happened and thus explains the poor relation between bone uptake and osteophyte. 9 Furthermore the correlation between the grade of increased bone uptakes and the grade of osteophytes was fair or poor.
A strong relation between marginal osteophytes and cartilage lesions has been found in experimentally induced knee OA in dogs, in which osteophytes appear early in the course of the disease. 38 39 In another animal model with OA, the radionuclide uptake was localised to growing osteophytes in the early stage of the disease. 10 Thus, increased bone uptake without corresponding subchondral lesion found in our study probably represents a growing osteophyte. Such an osteophyte is not necessarily a predictor of OA progression in the TFJ, defined as radiographically appearing structural changes, but osteophytes grow at a higher rate in cases with structural changes or in cases who later will develop such changes. 40 We are well aware of the disadvantages of the cross sectional design of the study, but we found our results interesting to present. The question of changes over time have to be considered in follow up studies. Are the patterns and gradings of the increased bone uptake clinically relevant, as well as the gradings of subchondral lesions, cartilage defects, and marginal osteophytes? The significance of diVerent grades in these lesions is not yet known and these questions have also to be investigated in follow up studies.
In conclusion, there was a good or moderate correlation between increased bone uptakes and MR detected subchondral lesions. The correlation was in general fair or poor between increased bone uptakes and MR detected osteophytes and cartilage defects. Further studies have to be done to evaluate if MR imaging has the same ability as bone scintigraphy to predict the progression of the OA process.
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